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(57) ABSTRACT

A wireless power transfer system includes a power trans-
mitter including a high frequency power converter circuit
that converts a direct current power into a high frequency
power using a switching circuit, a power transmitter coil,
and an electric field shield member close to the power
transmitter coil and having a structure that uses a conductive
member to form an equivalent capacitance between the
clectric field shield member and the power transmitter coil
by electric coupling therebetween during a power transmit-
ting operation such that the value of the equivalent capaci-
tance becomes greater than the value of an equivalent
capacitance formed between the power transmitter coil and
ground. The power transmitter causes electric potentials 1n
the electric field shield member to be identical using the
conductive member, suppresses changes in an electric field
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in a vicinity of the power transmitter coil, and suppresses
radiation of the electric field noise.
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WIRELESS POWER TRANSFER SYSTEM
HAVING AN ELECTRIC FIELD SHIELD
MEMBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority to International

Patent Application No. PCT/IP2019/0135017, filed Apr. 4,
2019, and to Japanese Patent Application No. 2018-181365,
filed Sep. 27, 2018, the entire contents of each are incorpo-
rated herein by reference.

BACKGROUND

Technical Field

The present disclosure relates to a wireless power transier
system that wirelessly transiers power from a power trans-
mitter device to a power receiver device.

Background Art

As one of prior art wireless power transier systems, for
example, a non-contact charging device described in the
Japanese Unexamined Patent Application Publication No.
2014-138551 1s known. This non-contact charging device
includes a first coil, a power supply umt, a stationary part,
and an electrostatic shield. The first coil 1s connected to the
power supply unit. An electronic device to be charged 1n a
non-contact manner 1s placed on the stationary part. The
clectrostatic shield 1s arranged between the stationary part
and the first coil. The non-contact charging device charges
the electronic device 1n a non-contact manner via electro-
magnetic coupling between the first coil and a second coil of
the electronic device. The electrostatic shield suppresses
radio waves generated at the time of non-contact charging.

SUMMARY

In wireless power transier systems, a challenge 1s how to
suppress unwanted radiations generated not only from a
switching circuit provided 1n a power transmitter device but
also from a conductor part through which a high frequency
current generated by this switching circuit flows or a con-
ductor part to which a high frequency voltage 1s applied. In
general, 1n the case where the power transmitter device 1s
configured 1 such a manner as to suppress unwanted
radiations, magnetic coupling formed between a power
transmitter coil and a power receiver coil becomes weaker.
This leads to a large decrease 1n power efliciency during a
wireless power transfer operation. This poses another chal-
lenge.

The inventors of the present disclosure find out that in
certain wireless power transier systems, 1t 1s important to
suppress the radiation of electric field noise caused by
harmonic components while maintaining the state where
changes in the magnetic field of a fundamental wave gen-
crated from the power transmitter coil are large. In the
non-contact charging device described in Japanese Unex-
amined Patent Application Publication No. 2014-1383531,
the 1ssue of radiations of harmonic noise caused by har-
monic components from the first coil was not addressed.

Accordingly, the present disclosure provides a wireless
power transier system capable of suppressing harmonic
noises caused by generated electric and magnetic fields
while realizing a highly eflicient wireless power transier
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2

operation by keeping the state where changes 1n the mag-
netic field of a fundamental wave generated from the power
transmitter coil are large and maintaining strong magnetic
coupling formed between a power transmitter coil and a
power receiver coil.

A wireless power transier system according to the present
disclosure includes a power transmitter device including a
high frequency power converter circuit that includes a
switching circuit and converts a direct current power 1nto a
high frequency power using the switching circuit, a power
transmitter coil connected to an output of the high frequency
power converter circuit, and an electric field shield member
that suppresses electric field noise radiated from the power
transmitter coil. The electric field shield member 1s arranged
close to the power transmitter coil, and the electric field
shield member has a structure that uses a conductive mem-
ber to form an equivalent capacitance between the electric
field shield member and the power transmitter coil by
clectric coupling therebetween during a power transmitting
operation 1n such a way that value of this equivalent capaci-
tance becomes greater than value of an equivalent capaci-
tance formed between the power transmuitter coil and earth.
Thus, 1rrespective of various electric potential distributions
in a space caused by changes 1n an electromagnetic field
generated by a flow of a high frequency current 1n the power
transmitter coil, the power transmitter device causes electric
potentials 1n the electric field shield member to be 1dentical
to one another using the conductive member, suppresses
changes 1n an electric field i a vicimty of the power
transmitter coil, and suppresses radiation of the electric field
noise.

The present disclosure enables to keep the state where
changes 1n the magnetic field of a fundamental wave gen-
erated from the power transmitter coil are large, maintain
strong magnetic coupling formed between the power trans-
mitter coil and the power receiver coil, and suppress electric
field noise of harmonic components 1n the vicinity of a noise
generation source. Because of these, harmonic noises of
clectric field and magnetic field caused by the harmonic
components can be suppressed, and a wireless power trans-

fer system that realizes higher efliciency and lower noise 1s
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a power transmitter coil
and an electric field shield member;

FIG. 2A 15 a plan view of the power transmitter coil and
the electric field shield member, and FIG. 2B 15 a side view
of the power transmitter coil and the electric field shield
member;

FIG. 3A 15 a circuit diagram of a power transmitter device
according to the present embodiment, and FIG. 3B 1s a
circuit diagram of a power receiver device according to the
present embodiment;

FIG. 4A 1s a side view 1llustrating a main part of a power
transmitter device according to a first modified example of
the present embodiment that 1s used for actual measurement
of electric field noise, and FIG. 4B 1s a side view illustrating
a main part ol a power transmitter device according to a
second modified example of the present embodiment that 1s
used for actual measurement of electric field noise;

FIG. 5 15 a plan view of an electric field shield member;

FIG. 6 A and FIG. 6B are each a result of actual measure-
ment of electric field noise radiated from a power transmaitter
device according to a comparative example;
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FIG. 7A and FIG. 7B are each a result of actual measure-
ment of electric field noise radiated from a power transmaitter
device according to the first modified example;

FIG. 8A and FIG. 8B are each a result of actual measure-
ment of electric field noise radiated from a power transmitter
device according to the second modified example;

FIG. 9A 15 a concept view of a power transmitter device
according to the present embodiment for illustrating noise
current flows, and FIG. 9B 1s an equivalent circuit diagram
of the power transmitter device according to the present
embodiment for illustrating noise current tlows;

FIG. 10A 1s a concept view of a power transmitter device
according to a comparative example for illustrating noise
current flows, and FIG. 10B 1s an equivalent circuit diagram
ol the power transmitter device according to the comparative
example for illustrating noise current tlows;

FIG. 11A 1s a concept view of a power transmitter device
according to a third modified example of the present
embodiment for illustrating noise current flows, and FIG.
11B 1s an equivalent circuit diagram of the power transmitter
device according to the third modified example of the
present embodiment for 1llustrating noise current flows;

FIG. 12A1s a side view 1illustrating a main part of a power
transmitter device according to a fourth modified example of
the present embodiment, and FIG. 12B 1s a side view
illustrating a main part of a power transmitter device accord-
ing to a fifth modified example of the present embodiment;

FIG. 13 A 1s a side view 1illustrating a main part of a power
transmitter device according to a sixth modified example of
the present embodiment, FIG. 13B 1s a side view 1llustrating
a main part of a power transmitter device according to a
seventh modified example of the present embodiment, and
FIG. 13C 1s a side view illustrating a main part of a power
transmitter device according to an eighth modified example
of the present embodiment;

FIG. 14A 1s a cross-sectional view illustrating a main part
of a power transmitter device according to a ninth modified
example of the present embodiment, and FIG. 14B 1s a
cross-sectional view illustrating a main part of a power
transmitter device according to a tenth modified example of
the present embodiment;

FIG. 15 1s a plan view of an electric field shield member
according to an eleventh modified example of the present
embodiment;

FIG. 16 1s a plan view of an electric field shield member
according to a twelfth modified example of the present
embodiment;

FIG. 17 1s a circuit diagram of a power transmitter device
according to a thirteenth modified example of the present
embodiment; and

FIG. 18 1s a circuit diagram of a power transmitter device

according to a fourteenth modified example of the present
embodiment.

DETAILED DESCRIPTION

A plurality of embodiments for implementing the present
disclosure 1s 1llustrated heremnafter with several specific
examples while referring to the drawings. In each embodi-
ment, points different from those of preceding embodiments
are described. In particular, substantially same actions and
ellects produced by substantially same constituting elements
will not be repeated 1 every embodiment.

A wireless power transier system according to an embodi-
ment of the present disclosure 1s now described. The wire-
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4

less power transier system according to the present embodi-
ment includes a power transmitter device and a power
receiver device.

As 1llustrated 1in FIG. 1, FIG. 2A, FIG. 2B, and FIG. 3A,
the power transmitter device includes a power transmitter
coil 10, a high frequency power converter circuit 11, a direct
current power source 12, and an electric field shield member
30. As illustrated 1n FIG. 3B, the power receiver device
includes a power receiver coil 20, a rectifier circuit 21, and
a load circuit 22.

FIG. 1 15 a perspective view of the power transmitter coil
10 and the electric field shield member 30. FIG. 2A1s a plan
view ol the power transmitter coil 10 and the electric field
shield member 30. FIG. 2B 1s a side view of the power
transmitter coil 10 and the electric field shield member 30.
In this section, the power transmitter device according to the
present embodiment 1s described. In FIG. 1 and FIG. 2A, an
insulation sheet 13 1s not illustrated. In FI1G. 2B, in addition
to the power transmitter coil 10 and the electric field shield
member 30, the power receiver coil 20 1s also illustrated.

The power transmitter device includes the power trans-
mitter coil 10 and the electric field shield member 30 that
suppresses an electric field noise radiated from the power
transmitter coil 10.

The power transmitter coil 10 1s formed of, for example,
wound copper twisted wires. The number of turns of the
power transmitter coil 10 illustrated 1n FIG. 1, FIG. 2A, and
FIG. 2B 1s one. However, the number of turns of the power
transmitter coil 10 may be two or more. Both ends of the
power transmitter coil 10 are connected to the high fre-
quency power converter circuit 11 via a power transmitter
resonance capacitor C (see FIG. 3A.

A conductive member 1s used for the electric field shield
member 30. The electric field shield member 30 may be
made of, for example, aluminum, copper, or iwron. The
clectric field shield member 30 1s configured to have a
structure that allows to form an equivalent capacitance
between the electric field shield member 30 and the power
transmitter coil 10 by electric coupling therebetween during
a power transmitting operation (at the time of power trans-
ter). Specifically, the electric field shield member 30 inter-
mittently crosses the power transmitter coil 10 in the plan
view (viewed from a direction vertical to a coil opening
plane of the power transmitter coil 10). The electric field
shield member 30 has a substantially comb teeth shape. The
clectric field shield member 30 includes an open-loop
shaped conductor 301 and a plurality of strip shaped con-
ductors 302 protruding from the open-loop shaped conduc-
tor 301. The open-loop shape 1s a ring shape, a part of which
1s cut ofl. In the plan view, the open-loop shaped conductor
301 extends along the power transmitter coil 10 1n the mnner
side of the power transmitter coil 10. In the plan view, the
plurality of strip shaped conductors 302 protrude radially
from the open-loop shaped conductor 301 and cross (over-
lap) the power transmitter coil 10. The strip shaped conduc-
tors 302 are arranged at substantially regular intervals along
the extending direction of the open-loop shaped conductor
301. The open-loop shaped conductor 301 and the strip
shaped conductors 302 are located at substantially the same
plane.

In the present embodiment, the strip shaped conductors
302 and the power transmitter coil 10 are arranged to face
cach other. This allows the power transmitter coil 10 and
clectric field shield member 30 to electrically couple to each
other at the time of power transier, and an equivalent
capacitance 1s formed between the power transmitter coil 10
and the electric field shield member 30. Furthermore, elec-
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tric potentials of the plurality of strip shaped conductors 302
are made equal to each other by connecting the plurality of
strip shaped conductors 302 using the open-loop shaped
conductor 301.

The electric field shield member 30 1s electrically con-
nected to ground of the high frequency power converter
circuit 11 and has the same electric potential as the ground
of the high frequency power converter circuit 11. The
clectric field shield member 30 includes a terminal conduc-
tor 303 that protrudes from the open-loop shaped conductor
301 and 1s connected to the ground of the high frequency
power converter circuit 11. Note that the electric field shield
member 30 may be connected to the ground of the high
frequency power converter circuit 11 via a capacitor. The
clectric field shield member 30 may not need to be con-
nected to the ground.

The electric field shield member 30 1s arranged 1n such a
manner as to face the power transmitter coil 10, for example,
with the insulation sheet 13 interposed therebetween. The
clectric field shield member 30 1s arranged between the
power transmitter coil 10 and the power receiver coil 20 that
taces the power transmitter coil 10. In other words, the
power recerver coil 20 1s arranged 1n such a manner as to
face the power transmitter coill 10 at the time of power
transier. The electric field shield member 30 1s arranged
between the power transmitter coil 10 and a position where
the power receiver coil 20 1s placed at the time of power
transier. The electric field shield member 30 1s arranged on
the top side of the power transmitter coil 10. On the top side
of the electric field shield member 30, there 1s a position on
which the power receiver coil 20 1s to be placed at the time
of power transier. Note that the terms “top side” and “bottom
side” are used for the sake of convenience to make distinc-
tion between one side and the other side.

Preferably, the electric field shield member 30 1s arranged
close to the power transmitter coil 10 1n a structure where the
value of an equivalent capacitance between the power
transmitter coil 10 and the electric field shield member 30 1s
greater than the value of an equivalent capacitance formed
between the power transmitter coil 10 and earth. Therefore,
for example, the power transmitter coil 10 and the electric
field shield member 30 are arranged 1nside a housing of the
power transmitter device in such a way that the distance
between the power transmitter coil 10 and the electric field
shield member 30 1s sufliciently shorter than the distance
between the power transmitter coil 10 and the housing of the
power transmitter device. As will be described below,
because the equivalent capacitance between the power trans-
mitter coil 10 and the electric field shield member 30 1s
greater than the equivalent capacitance between the power
transmitter coil 10 and the earth, common mode noise 1s
cellectively suppressed.

Preferably, the power recerver coil 20 1s arranged 1n such
a way that the equivalent capacitance between the power
transmitter coil 10 and the electric field shield member 30
becomes greater than an equivalent capacitance between the
power transmitter coil 10 and the power receiver coil 20
during the power transmitting operation (at the time of
power transier). Therefore, for example, a separation dis-
tance between the power transmitter coil 10 and the electric
field shield member 30 1s made shorter than a separation
distance between the power transmitter coil 10 and the
power recerver coil 20 at the time of power transfer. As will
be described below, because the equivalent capacitance
between the power transmitter coil 10 and the electric field
shield member 30 1s greater than the equivalent capacitance
between the power transmitter coil 10 and the power
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receiver coil 20 at the time of power transfer, effects of
clectric field noise on the power receiver device become
smaller.

FIG. 3A 1s a circuit diagram of the power transmitter
device according to the present embodiment. The high
frequency power converter circuit 11 includes a high-side
switch element Q1, a low-side switch element 2, and a
switching control circuit CN'T that controls these two switch
clements Q1 and Q2. The circuit including the switch
clements Q1 and Q2 1s an example of the “switching circuit”
of the present disclosure. The high frequency power con-
verter circuit 11 operates using the direct current power
source 12 as an mput power source and converts a direct
current power 1nto a high frequency power using the switch
clements Q1 and Q2. A switch SW 1s inserted between the
direct current power source 12 and the high frequency power
converter circuit 11.

An output of the high frequency power converter circuit
11 1s connected to the power transmitter coil 10. The power
transmitter resonance capacitor C  1s connected between the
power transmitter coil 10 and the high frequency power
converter circuit 11. The power transmitter coil 10 and the
power transmitter resonance capacitor C make up a reso-
nant circuit by being connected to each other in series. The
high frequency power converter circuit 11 i1s connected to
the ground. For example, a metal part of the housing of the
power transmitter device serves as the ground of the high
frequency power converter circuit 11.

For example, the switching control circuit CN'T performs
switching of the switch elements Q1 and Q2 1n an alternating
fashion with a dead time interposed therebetween at a
predetermined switching frequency in the frequency range
between 6 MHz and 14 MHz inclusive. The resonant circuit
made up of the power transmitter coil 10 and the power
transmitter resonance capacitor C_ 1s 1n resonant operation at
the foregoing switching frequency. That 1s to say, a resonant
frequency of the resonant circuit 1s substantially equal to the
switching frequency. This causes the power transmitter coil
10 to generate a high frequency magnetic field having the
switching frequency, and the power 1s transmitted wirelessly
to the power recerver device.

Preferably, the power transmitter coill 10 has a shape
similar to the shape of the power receirver coil 20. This
enables to effectively strengthen magnetic coupling between
the power transmitter coil 10 and power recerver coil 20,
thereby achieving highly eflicient power transfer.

By switching the switch elements Q1 and Q2 alternatingly
as described above, a high frequency current flows through
the power transmitter coil 10. Changes 1n an electromagnetic
field generated by the flow of the high frequency current 1n
the power transmitter coil 10 produce various electric poten-
tial distributions 1n a space around the power transmuitter coil
10. However, the power transmitter device suppresses the
radiation of electric field noise by using the electric field
shield member 30 having conductivity to make electric
potentials 1n the electric field shield member 30 equal to
cach other and suppress changes in an electric field 1n the
vicinity of the power transmitter coil 10.

For example, the switching frequency may be set to 6.78
MHz that 1s 1n an Industry Science Medical (ISM) band to
cause changes in the electromagnetic field generated by the
flow of the high frequency current in the power transmitter
coil 10 at 6.78 MHz. Alternatively, the switching frequency
may be set to 13.56 MHz that 1s 1n the ISM band to cause
changes 1n the electromagnetic field generated by the tlow of
the high frequency current 1in the power transmitter coil 10
at 13.56 MHz. By using an ISM frequency based on inter-
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national standards, interference between the wireless power
transfer system according to the present embodiment and
communication equipment becomes acceptable.

FIG. 3B 1s a circuit diagram of a power recerver device
according to the present embodiment. As described above,
the power receiver device includes the power receiver coil
20, the rectifier circuit 21, and the load circuit 22. The power
receiver coil 20 forms electromagnetic coupling with the
power transmitter coil 10. In this electromagnetic coupling,
magnetic coupling 1s dominant Electric energy 1s applied to
the power receiver coil 20 from the power transmitter coil 10
via this magnetic coupling. The load circuit 22 1s connected
to the power receiver coil 20 via the rectifier circuit 21.

A power recetver resonance capacitor C _ 1s connected
between the power receiver coil 20 and the rectifier circuit
21. The power receiver coil 20 and the power receiver
resonance capacitor C,_ make up a resonant circuit by being
connected to each other 1n series.

The rectifier circuit 21 1s made up of rectifier diodes D1
and D2 and a smoothing capacitor C1. The rectifier circuit
21 15 a voltage doubler rectifier circuit. The rectifier circuit
21 rectifies and smooths the electromotive force of the
resonant circuit made up of the power recerver coil 20 and
the power receiver resonance capacitor C _ and supplies a
direct current power to the load circuit 22.

The resonant circuit made up of the power receiver coil 20
and the power receiver resonance capacitor C__1s 1n resonant
operation at a vibration frequency of the high frequency
magnetic field generated in the power transmitter coil 10 of
the power transmitter device. The power receiver coil 20
magnetically couples with the power transmitter coil 10 of
the foregoing power transmitter device, and a current having
the same frequency as the vibration frequency of the high
frequency magnetic field generated by the power transmuitter
coil 10 flows 1n the power receiver coil 20. Because of this,
the electromotive force of the resonant circuit 1s rectified and
smoothed by the rectifier circuit 21, and the direct current
power 1s supplied to the load circuit 22.

FIG. 4A 15 a side view 1llustrating a main part of a power
transmitter device according to a first modified example of
the present embodiment that 1s used for actual measurement
of electric field noise. In the first modified example, a
magnetic sheet 14 1s arranged on the bottom side of the
power transmitter coill 10 with a spacer 15 interposed
therebetween. An electric field shield member 17 1s arranged
on the bottom surface of the magnetic sheet 14. Note that the
terms “top surface” and “bottom surface” are used for the
sake of convenience to make distinction between a principal
surface on one side and a principal surface on the other side.

FIG. 5 1s a plan view of the electric field shield member
17. The electric field shield member 17 1s a metal o1l having
a substantially square shape 1n which a cross-shaped slit 1s
tormed. The electric field shield member 17 1s connected to
the ground of the high frequency power converter circuit 11.

Note that an electric field shield member having a shape
similar to that of the electric field shield member 17 1s also
an example of the “electric field shield member” of the
present disclosure.

FIG. 4B 1s a side view 1llustrating a main part of a power
transmitter device according to a second modified example
of the present embodiment that 1s used for actual measure-
ment of electric field noise. In the second modified example,
an electric field shield member 30A 1s arranged on the top
side of the power transmitter coil 10 with an 1nsulation sheet
13 A mterposed therebetween. An electric field shield mem-
ber 30B 1s arranged on the bottom side of the power
transmitter coil 10 with an insulation sheet 13B interposed
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therebetween. The magnetic sheet 14 1s arranged on the
bottom side of the electric field shield member 30B with the
spacer 15 mterposed therebetween. The electric field shield
member 17 1s arranged on the bottom surface of the mag-
netic sheet 14.

FIG. 6 A and FIG. 6B are each a result of actual measure-
ment of electric field noise radiated from a power transmitter
device according to a comparative example. No electric field
shield member 1s provided 1n the power transmitter device
according to the comparative example. The remaining con-
figuration 1s substantially the same as that of the power
transmitter device according to the present embodiment.

FIG. 6A 1illustrates an electric field component 1n a
direction parallel to the opening plane of the power trans-
mitter coil 10. FIG. 6B 1llustrates an electric field component
in a direction vertical to the opening plane of the power
transmitter coil 10. Hereinatter, the electric field component
in the direction parallel to the opening plane of the power
transmitter coil 10 1s referred to as horizontal component of
clectric field. The electric field component 1n the direction
vertical to the opening plane of the power transmaitter coil 10
1s referred to as vertical component of electric field.

In the comparative example, the horizontal and vertical
components of 6th, 8th, and 10th harmonic waves are equal
to or greater than 40 dBuV/m. Thus, 1t 1s found that electric
field noises caused by the 6th, 8th, and 10th harmonic waves
are large.

FIG. 7A and FIG. 7B are each a result of actual measure-
ment of electric field noise radiated from the power trans-
mitter device according to the first modified example. FIG.
7A 1llustrates the horizontal component of electric field.
FIG. 7B illustrates the vertical component of electric field.
In the first modified example, the horizontal and vertical
components of 6th, 8th, and 10th harmonic waves are less
than 40 dBuV/m. Thus, it 1s found that the electric field
noises caused by the 6th, 8th, and 10th harmonic waves are
suppressed.

FIG. 8A and FIG. 8B are each a result of actual measure-
ment of electric field noise radiated from the power trans-
mitter device according to the second modified example.
FIG. 8A illustrates the horizontal component of electric
field. FIG. 8B 1illustrates the vertical component of electric
field. In the second modified example, the horizontal and
vertical components of 6th, 8th, and 10th harmonic waves
are also less than 40 dBuV/m. Thus, 1t 1s found that the
clectric field noises caused by the 6th, 8th, and 10th har-
monic waves are suppressed.

In the present embodiment, by switching the switch
clements Q1 and Q2 alternatingly, a high frequency current
flows through the power transmitter coil 10. Changes in an
clectromagnetic field caused by the flow of the high fre-
quency current in the power transmitter coil 10 produce
various electric potential distributions 1n a space around the
power transmitter coil 10. Particularly, when the direct
current power 1s being converted into the alternating current
power by switching of the switch elements Q1 and Q2, the
waveform of a current 1s distorted, and thus harmonic
currents are generated. Because of tlows of the harmonic
currents 1n the power transmitter coil 10, harmonic noises
are generated by the harmonic components. However, the
power transmitter device suppresses the radiation of electric
field noise by using the electric field shield member 30
having conductivity to make electric potentials 1n the elec-
tric field shield member 30 equal to each other and suppress
changes in an electric field i the vicinity of the power
transmitter coil 10.
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This enables to maintain strong magnetic coupling formed
between the power transmitter coill 10 and the power
receiver coll 20 by maintaining the state where changes in
the magnetic field of a fundamental wave generated from the
power transmitter coil 10 are large, and enables to suppress
clectric field noise of harmonic components 1n the vicinity of
a noise generation source. Because of these, harmonic noises
of electric field and magnetic field caused by the harmonic
components can be suppressed, a wireless power transfer
system that realizes higher efliciency and lower noise 1s
obtained.

Furthermore, the electric field shield member 30 does not
make the inductance of the power transmitter coil 10 lower,
and thus the decrease 1n Q factor of the power transmitter
coil 10 1s suppressed.

Furthermore, the electric field shield member 30 1s made
up ol line-like parts and does not have an open-loop shape.
As a result, an eddy current caused by a high frequency
magnetic field 1s hardly generated 1n the electric field shield
member 30. That 1s to say, the electric field shield member
30 does not exert a significant influence on the magnetic
coupling between the power transmitter coil 10 and power
receiver coil 20 caused by the high frequency magnetic field.
Therefore, the decrease 1n transierring power 1s suppressed,
and thus an even higher eflicient wireless power transfer 1s
realized.

Furthermore, the electric field shield member 30 may be
formed of aluminum as described above. Although alumi-
num has electrical conductivity, there 1s hardly any differ-
ence 1n relative magnetic permeability between aluminum
and air. Therefore, the electric field shield member 30 made
of aluminum mainly acts on the electric field and can
suppress a radiated electric field by eflectively suppressing
actions of the high frequency magnetic field and strength-
ening magnetic coupling between the coils. Furthermore,
aluminum has the benefit of being lightweight.

Alternatively, the electric field shield member 30 may be
formed of iron as described above. Iron has electrical
conductivity and also has a high relative magnetic perme-
ability. Therefore, the electric field shield member 30 made
of iron may act on the magnetic field and weaken the
magnetic coupling between the coils 1n some cases, but can
cllectively suppress not only the radiated electric field but
also a radiated magnetic field. Furthermore, iron has the
benelit of being inexpensive.

Alternatively, the electric field shield member 30 may be
tformed of copper as described above. Copper has electrical
conductivity but has a smaller relative magnetic permeabil-
ity than 1ron. Therefore, compared with the electric field
shield member 30 made of iron, the electric field shield
member 30 made of aluminum mainly acts on the electric
field and can suppress the radiated electric field by suppress-
ing actions ol the high frequency magnetic field and
strengthening magnetic coupling between the coils.

As described above, the power transmitter coil 10 of the
power transmitter device generates the electric field noise at
the time of power transfer. This means, equivalently, a noise
current 1s output from a noise source and returns to the noise
source via an equivalent capacitance (stray capacitance).
Next, from the viewpoint of the noise current, the suppres-
sion of electric field noise and common mode nose 1s
described.

FIG. 9A 15 a concept view of the power transmitter device
according to the present embodiment for illustrating noise
current flows. An equivalent capacitance C, , 1s formed
between the power transmitter coil 10 and the electric field
shield member 30. An equivalent capacitance C_ . 1s formed
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between the power transmitter coil 10 and a receiver antenna
40. The receiver antenna 40 1s an antenna for observing an
clectric field and arranged at an electric field observation
point at which the electric field 1s observed. An equivalent
capacitance C,,, 1s formed between the power transmitter
coil 10 and an earth 19. An equivalent capacitance C,_,, ; 18
formed between a ground 18 of the high frequency power
converter circuit 11 and the earth 19. An impedance ZL 1s an
equivalent impedance between the receiver antenna 40 and

the earth 19.

FIG. 9B 1s an equivalent circuit diagram of the power
transmitter device according to the present embodiment for
illustrating noise current tlows. A noise source 41 corre-
sponds to the power transmitter coil 10. An impedance Zd 1s
an equivalent impedance between the power transmitter coil
10 and the ground 18. In the power transmitter device
according to the present embodiment, a noise current I,
flows via the equivalent capacitance C;, ,, a noise current I,
» tlows via the equivalent current C_, , and a noise current
(common mode current) I, _ tlows via the equivalent
capacitance C, .

FIG. 10A 1s a concept view ol a power transmitter device
according to a comparative example for illustrating noise
current flows. FIG. 10B 1s an equivalent circuit diagram of
the power transmitter device according to the comparative
example for illustrating noise current flows. In the power
transmitter device according to the comparative example, a
noise current I_ , tlows via the equivalent current C_, ., and

a noise current 1. . flows via the equivalent capacitance
C

Ign the present embodiment, the noise current I, _, ; flows
via the equivalent capacitance C_, ., in other words, via the
electric field shield member 30. Because of this, the noise
current I, , according to the present embodiment decreases
compared with the noise current I, , according to the
comparative example. Therefore, compared with the com-
parative example, in the present embodiment, the electric
field noise at the electric field observation point 1s sup-
pressed. Furthermore, 1t 1s preferable that the equivalent
capacitance C_, , 1s greater than the equivalent capacitance
C_ .. This effectively suppresses the electric field noise at the
clectric field observation point.

As described above, the power receiver coil 20 1s arranged
in such a way that the equivalent capacitance C_, , between
the power transmitter coil 10 and the electric field shield
member 30 becomes greater than the equivalent capacitance
between the power transmitter coill 10 and the power
receiver coil 20 at the time of power transier. This effectively
suppresses a noise current flowing through the power
receiver device at the time of power transier. Accordingly, at
the time of power transier, the electric field noise 1s sup-
pressed 1n the vicinity of the power receiver device, and thus
influences of the electric field noise on the power receiver
device becomes smaller.

Furthermore, 1n the present embodiment, the noise current
I, o, Hows. Thus, the noise current I, _  according to the
present embodiment decreases compared with the noise
current I _, according to the comparative example. That 1s
to say, compared with the comparative example, in the
present embodiment, the common mode noise 1s suppressed.
Furthermore, as described above, it 1s preferable that the
equivalent capacitance C_, , 1s greater than the equivalent
capacitance C_ .. This effectively suppresses the common
mode noise.

FIG. 11A 1s a concept view of a power transmitter device
according to a third modified example of the present

embodiment for illustrating noise current tlows. FIG. 11B 1s
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an equivalent circuit diagram of the power transmitter
device according to the third modified example of the
present embodiment for illustrating noise current flows. In
the third modified example, the electric field shield member
30 1s arranged between the power transmitter coil 10 and the
earth 19. An equivalent capacitance C,, ;. 1s formed between
the power transmitter coil 10 and an earth 19. In the power
transmitter device according to the third modified example,
a noise current I, ., flows via the equivalent capacitance
Csua @ noise current I, , flows via the equivalent current
C,.» and a noise current I, _  flows via the equivalent
capacitance C,, ..

By arranging the electric field shield member 30 between
the power transmitter coil 10 and the earth 19, the equivalent
capacitance C,, . according to the third modified example
decreases compared with the equivalent capacitance C,,
according to the comparative example. Therefore, 1n the
third modified example, the common mode noise 1s sup-
pressed further.

FIG. 12A1s a side view 1illustrating a main part of a power
transmitter device according to a fourth modified example of
the present embodiment. In the fourth modified example, the
clectric field shield member 30 1s arranged on not on the top
side of the power transmitter coil 10, but on the bottom side
of the power transmitter coil 10 with the insulation sheet 13
interposed therebetween.

FIG. 12B 1s a side view 1illustrating a main part of a power
transmitter device according to a fifth modified example of
the present embodiment. In the fifth modified example, the
clectric field shield member 30A 1s arranged on the top side
of the power transmitter coil 10 with the insulation sheet
13 A interposed therebetween. The electric field shield mem-
ber 30B 1s arranged on the bottom side of the power
transmitter coil 10 with the msulation sheet 13B interposed
therebetween. In other words, a plurality of the electric field
shield members 30A and 30B 1s provided, and the power
transmitter coil 10 1s arranged among the plurality of the
clectric field shield members 30A and 30B.

FIG. 13 A 1s a side view 1illustrating a main part of a power
transmitter device according to a sixth modified example of

the present embodiment. In the sixth modified example, the
magnetic sheet 14 1s arranged on the bottom side of the
power transmitter coill 10 with the spacer 15 interposed
therebetween. In other words, the power transmitter device
according to the third modified example 1includes the mag-
netic sheet 14, and the power transmitter coil 10 1s arranged
between the electric field shield member 30 and the mag-
netic sheet 14.

In the case where there 1s a metal member on the bottom
side of the power transmitter coil 10, an eddy current 1s
generated on the metal member by a high frequency mag-
netic field produced at the power transmitter coil 10.
Because of power consumption by the eddy current, the
transierring power decreases. In the sixth modified example,
by forming a magnetic path passing through the 1nside of the
magnetic sheet 14, leakage of the high frequency magnetic
ficld to the bottom side of the magnetic sheet 14 1s sup-
pressed. Therefore, the generation of eddy current on the
metal member 1s suppressed, and thus the decrease in
transierring power 1s prevented.

FIG. 13B 1s a side view 1illustrating a main part of a power
transmitter device according to a seventh modified example
of the present embodiment. In the seventh modified
example, the magnetic sheet 14 1s arranged on the bottom
side of the electric field shield member 30 with the spacer 15
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interposed therebetween. The remaining configuration 1is
substantially the same as that of the fourth modified example
(see FIG. 12A).

FIG. 13C 1s a side view 1llustrating a main part of a power
transmitter device according to an eighth modified example
of the present embodiment. In the eighth modified example,
the magnetic sheet 14 1s arranged on the bottom side of the
clectric field shield member 30B with the spacer 15 inter-
posed therebetween. The remaining configuration 1s sub-
stantially the same as that of the fifth modified example (see
FIG. 12B).

FIG. 14A 1s a cross-sectional view illustrating a main part
ol a power transmitter device according to a minth modified
example of the present embodiment. In the ninth modified
example, a power transmitter coil 42 and the electric field
shield member 30 are included in the same multilayer
substrate 16. The multilayer substrate 16 1s an example of
the “substrate” of the present disclosure.

Spiral conductor patterns 421 and 422 are formed on the
top surface and the bottom surface of the multilayer sub-
strate 16. Interlayer connection conductors (not illustrated)
are formed 1n the multilayer substrate 16. By connecting the
conductor patterns 421 and 422 using the interlayer connec-
tion conductors, the power transmitter coil 42 1s formed. The
clectric field shield member 30 1s formed on a middle layer
of the multilayer substrate 16.

In the ninth modified example, the conductor patterns 421
and 422 of the power transmitter coil 42 are formed on the
surfaces of the multilayer substrate 16. This enables to make
the wire thickness of the power transmitter coil thicker,
compared with the case where the power transmitter coil 1s
formed on a middle layer of the multilayer substrate 16.
Accordingly, the Q-factor of the power transmitter coil can
be increased, compared with the case where the power
transmitter coil 1s formed on a middle layer of the multilayer
substrate 16.

Note that depending on usage, the power transmitter coil
and the electric field shield member may be included in the
same multilayer substrate, and the electric field shield mem-
ber may be arranged on at least one of the top side and the
bottom side of the power transmitter coail.

FIG. 14B 1s a cross-sectional view 1llustrating a main part
ol a power transmitter device according to a tenth modified
example of the present embodiment. In the tenth modified
example, the magnetic sheet 14 1s arranged on the bottom
side of the conductor pattern 422 with the spacer 15 inter-
posed therebetween. The remaining configuration 1s sub-
stantially the same as that of the ninth modified example (see
FIG. 14A).

FIG. 15 1s a plan view of an electric field shield member
31 according to an eleventh modified example of the present
embodiment. The electric field shield member 31 1ncludes
an open-loop shaped conductor 311 and a plurality of strip
shaped conductors 312. In the plan view, the open-loop
shaped conductor 311 extends along the power transmitter
coil 10 1n the outer side of the power transmitter coil 10. In
the plan view, the strip shaped conductors 312 protrude from
the open-loop shaped conductor 311 toward the inner side
thereol and cross the power transmitter coil 10.

FIG. 16 1s a plan view of an electric field shield member
32 according to a twellth modified example of the present
embodiment. The electric field shield member 32 has a
substantially meander shape. In the plan view, the electric
field shield member 32 extends along the power transmitter
coil 10 while crossing the power transmitter coil 10.

FIG. 17 1s a circuit diagram of a power transmitter device
according to a thirteenth modified example of the present
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embodiment. This power transmitter device includes a high
frequency power converter circuit 51. The high frequency
power converter circuit 51 includes an inductive element L1,
a switch element Q3, and a switching control circuit CNT
that controls the switch element Q3. The circuit including
the mductive element L1 and the switch element Q3 1s an
example of the “switching circuit” of the present disclosure.
The high frequency power converter circuit 51 operates
using the direct current power source 12 as an input power
source and converts a direct current power into a high
frequency power using the inductive element L1 and the
switch element 3.

FIG. 18 1s a circuit diagram of a power transmitter device
according to a fourteenth modified example of the present
embodiment. This power transmitter device includes a high
frequency power converter circuit 52. The high frequency
power converter circuit 52 includes inductive elements L1
and L2, switch elements (03 and (4, and a switching control
circuit CNT that controls the switch elements Q3 and Q4.
The circuit including the inductive elements 1.1 and L2 and
the switch elements Q3 and Q4 1s an example of the
“switching circuit” of the present disclosure. The high
frequency power converter circuit 52 operates using the
direct current power source 12 as an input power source and
converts a direct current power 1nto a high frequency power
using the inductive elements L1 and L2 and the switch
clements Q3 and Q4.

Lastly, the foregoing descriptions of the embodiments are
exemplary 1n all aspects and are not restrictive. For a person
skilled 1n the art, modifications and alterations are possible
il appropriate. Needless to say, constituting elements 1llus-
trated 1n different embodiments may be partially combined
or exchanged. The scope of the present disclosure 1is
described by the claims and not by the foregoing embodi-
ments. Furthermore, it 1s itended that the scope of the
present disclosure includes all the variations which come
within the scope of the claims and the meaning and the scope
of equivalency of the claims.

What 1s claimed 1s:

1. A wireless power transfer system comprising:

a power transmitter including a high frequency power
converter circuit that includes a switching circuit and
that 1s configured to convert a direct current power 1nto
a high frequency power using the switching circuit, a
power transmitter coil connected to an output of the
high frequency power converter circuit, and at least one
clectric field shield member configured to suppress
clectric field noise radiated from the power transmitter
coil, wherein

the electric field shield member 1s arranged proximate to
the power transmitter coil, the electric field shield
member includes an open-loop shaped conductor hav-
ing a curvature which follows a curvature of the power
transmitter coil, the electric field shield member
includes a plurality of strip shaped conductors protrud-
ing from the open-loop shaped conductor and crossing
the power transmitter coil, and the electric field shield
member has a structure that uses a conductive member
to create an equivalent capacitance between the electric
field shield member and the power transmitter coil by
clectric coupling therebetween during a power trans-
mitting operation to cause a value of the equivalent
capacitance to become greater than a value of an
equivalent capacitance that 1s between the power trans-
mitter coil and ground,

irrespective of various electric potential distributions 1n a
space caused by changes in an electromagnetic field
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generated by a tlow of a high frequency current in the
power transmitter coil, the power transmitter causes
clectric potentials 1n the electric field shield member to
be 1dentical to one another using the conductive mem-
ber, suppresses changes 1n an electric field 1n a vicinity
of the power transmitter coil, and suppresses radiation
of the electric field noise, and
one of the following;:
an mner perimeter and an outer perimeter of the open-
loop shaped conductor are each smaller than an 1nner
perimeter of the power transmitter coil, or
the inner perimeter and the outer perimeter of the
open-loop shaped conductor are each larger than an
outer perimeter of the power transmitter coil.
2. The wireless power transier system according to claim
1, wherein
the electric field shield member 1s electrically connected
to a ground of the high frequency power converter
circuit.
3. The wireless power transier system according to claim
1, turther comprising;:
a power receiver coil configured to create electromagnetic
coupling with the power transmitter coil; and
a load circuit connected to the power receiver coil.
4. The wireless power transier system according to claim
3, wherein
the electric field shield member 1s arranged between the
power transmitter coil and the power receiver coil
facing thereto.
5. The wireless power transfer system according to claim
1, wherein
the power transmitter comprises a plurality of the electric
field shield members, and
the power transmitter coil 1s arranged among the plurality
of the electric field shield members.
6. The wireless power transier system according to claim
1, wherein

the power transmitter further includes a magnetic sheet,
and
the power transmitter coil 1s arranged between the electric
field shield member and the magnetic sheet.
7. The wireless power transier system according to claim
1, wherein
the power transmitter coil and the electric field shield
member are included 1in a same substrate.
8. The wireless power transfer system according to claim
1, wherein
the electric field shield member 1s made of aluminum.
9. The wireless power transfer system according to claim
1, wherein
the electric field shield member 1s made of copper.
10. The wireless power transtfer system according to claim
1, wherein
the electric field shield member 1s made of 1ron.
11. The wireless power transier system according to claim
1, wherein
in the power transmitting operation, a switching {ire-
quency 1s set to 6.78 MHz, which 1s 1n an ISM band, to
cause changes 1n the electromagnetic field generated by
the flow of the high frequency current in the power
transmitter coil at 6.78 MHz.
12. The wireless power transier system according to claim
1, wherein
in the power transmitting operation, a switching {fre-
quency 1s set to 13.56 MHz, which 1s 1n an ISM band,
to cause changes in the electromagnetic field generated
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by the flow of high frequency current in the power
transmitter coil at 13.56 MHz.

13. A wireless power transier system comprising:

a power transmitter including a high frequency power
converter circuit that includes a switching circuit and
that 1s configured to convert a direct current power 1nto
a high frequency power using the switching circuit, a
power transmitter coil connected to an output of the

high frequency power converter circuit, and an electric

field shield member configured to suppress electric
field noise radiated from the power transmitter coil, the
clectric field shield member including an open-loop

shaped conductor having a curvature which follows a

curvature of the power transmitter coil, the electric field

shield member includes a plurality of strip shaped
conductors protruding from the open-loop shaped con-
ductor and crossing the power transmitter coil, and
one of the following:
an mner perimeter and an outer perimeter of the open-
loop shaped conductor are each smaller than an 1inner
perimeter of the power transmitter coil, or
the mner perimeter and the outer perimeter of the
open-loop shaped conductor are each larger than an
outer perimeter of the power transmitter coil; and
a power recerver including a power recerver coil to which
clectric energy 1s applied from the power transmitter
coil and a load circuit connected to the power receiver
coil, wherein
the power recerver coil 1s arranged such that an equivalent
capacitance between the power transmitter coil and the
clectric field shield member becomes greater than an
equivalent capacitance between the power transmitter
coil and the power recerver coil during a power trans-
mitting operation.
14. The wireless power transier system according to claim
13, wherein
a separation distance between the power transmitter coil
and the electric field shield member 1s shorter than a
separation distance between the power transmitter coil
and the power receiver coil.
15. The wireless power transier system according to claim
13, wherein
in the power transmitting operation, a switching 1Ire-
quency 1s set to 6.78 MHz, which 1s 1n an ISM band, to
cause changes 1n the electromagnetic field generated by

the flow of the high frequency current in the power
transmitter coil at 6.78 MHz.
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16. The wireless power transfer system according to claim
13, wherein

in the power transmitting operation, a switching {re-
quency 1s set to 13.56 MHz, which 1s 1n an ISM band,
to cause changes in the electromagnetic field generated
by the flow of high frequency current 1in the power
transmuitter coil at 13.56 MHz.

17. A wireless power transier system comprising:

a power transmitter including a high frequency power
converter circuit that includes a switching circuit and
that 1s configured to convert a direct current power 1nto
a high frequency power using the switching circuit, a
power transmitter coil connected to an output of the

high frequency power converter circuit, and an electric

field shield member configured to suppress electric

field noise radiated from the power transmitter coil, the
clectric field shield member including an open-loop
shaped conductor having a curvature which follows a
curvature of the power transmitter coil; and

a power recerver including a power receiver coil to which
clectric energy 1s applied from the power transmitter
coil and a load circuit connected to the power receiver
coil, wherein

the power receiver coil 1s arranged such that an equivalent
capacitance between the power transmitter coil and the
clectric field shield member becomes greater than an
equivalent capacitance between the power transmitter
coil and the power receiver coil during a power trans-
mitting operation, and

the electric field shield member intermittently crosses the
power transmitter coil 1n a plan view, such that first
portions of the open-loop shaped conductor are posi-
tioned within an inner perimeter of the power trans-
mitter coil and second portions of the open-loop shaped
conductor are positioned outside of an outer perimeter
of the power transmitter coil, and the first and second
portions are alternately positioned about a perimeter of
the open-loop shaped conductor.

18. The wireless power transier system according to claim

17, wherein

the electric field shield member includes a plurality of
strip shaped conductors protruding from the open-loop
shaped conductor.

19. The wireless power transfer system according to claim

17, wherein

the electric field shield member has a substantially mean-

der shape.
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